Teacher-child relationships have been linked to children's classroom engagement and to academic achievement. However, researchers have paid minimal attention to individual child factors that predict the development of these relationships. In the current study, we examined executive function (EF) prior to school entry as a predictor of teacher-child relationships at kindergarten through second grade. We also examined externalizing behavior problems, verbal intelligence, and academic achievement as mediators of these associations. Data were from the Family Life Project, a prospective, longitudinal sample of N ϭ 1,292 families from predominantly low-socioeconomic status (SES) and rural communities in Pennsylvania and North Carolina. Children were administered a multidimensional battery of EF when they were 48 months old and standardized measures of verbal intelligence and academic achievement at prekindergarten. Parents reported on externalizing behavior problems when children were 60 months old. Kindergarten, first-, and second-grade teachers reported on teacher-child relationships. Growth curve models revealed that EF at 48 months positively predicted closeness and negatively predicted conflict with teachers in kindergarten but not change in closeness or conflict over time. Verbal intelligence mediated the associations between EF and both closeness and conflict. EF continued to significantly predict conflict, but not closeness, with kindergarten teachers when the mediator was included in the model. The results of this study are discussed in the context of the implications of children's self-regulation for classroom engagement in a low-SES sample.
with academic content, or find it difficult to communicate with others in the classroom. These behaviors may have a negative impact on relationships with teachers. Meanwhile, there is substantial variation in EF at the time that children begin school (Garon, Bryson, & Smith, 2008 ) and children from lowsocioeconomic status (SES) families, on average, tend to fall on the lower end of the distribution (Noble, Norman, & Farah, 2005) . Here, we used a unique sample to examine how children's EF might contribute to the classroom environments of children from low-SES families.
In the current study, we also examined mechanisms that may link children's EF to the quality of relationships they develop with teachers. Children's EF is widely recognized to be important for classroom engagement and academic achievement (Blair & Razza, 2007; Brock et al., 2009) . Because children from low-SES families are at-risk of having fewer of the skills necessary for early academic success, including lower EF and lower quality relationships with teachers, understanding the role of children's EF in how teacher-child relationships develop may add insight to efforts to improve the construction of children's learning environments and, ultimately, to their academic and social-emotional prospects. In this study, we use a multidimensional, direct assessment of children's EF prior to school entry to predict the quality of relationships children develop with their teachers from kindergarten through second grade in a sample of children and families from rural, predominantly low-SES communities. In addition, we test children's externalizing behavior problems, verbal intelligence, and academic achievement as possible mediators of the observed associations between children's EF and the quality of their relationships with teachers.
The Role of Teacher-Child Relationships in Early Elementary School Grades
Extant research indicates that teacher-child relationships are important for children's functioning in the classroom. Stemming from an attachment perspective (Downer, Sabol, & Hamre, 2010) , research on teacher-child relationships suggests that high-quality relationships provide the security and autonomy to support children's independent exploration of the classroom environment (Downer et al., 2010; Hamre & Pianta, 2001 ). As such, teachers facilitate children's engagement in the classroom. In the early elementary school grades, children who are close with teachers tend to enjoy school, work independently, and take on more challenges, whereas children who experience conflict with preschool teachers are more likely to express the desire to avoid school, fail to stay on task, require assistance to complete tasks, demonstrate aggressive behavior, and resist rules and classroom norms (Birch & Ladd, 1997; Hamre & Pianta, 2001) . Moreover, research has found that links between high quality teacher-child relationships and early language, reading, and math achievement may be explained through ratings of children's engagement and problem behaviors (Hamre & Pianta, 2001; Silver, Measelle, Armstrong, & Essex, 2005) . These associations may be problematic for children from low-SES families who are already at-risk for worse academic achievement and school readiness skills (Duncan & Brooks-Gunn, 1997) . In aggregate, the prior literature endorses that children enter the classroom with individual characteristics that predict the quality of their relationships with their teachers. A better understanding of the mechanisms that lead to high-quality teacher-child relationships may contribute to interventions targeting children from low-SES families that capitalize on multiple aspects of the classroom.
Change in Teacher-Child Relationships Over Time
A small body of research has found that over the elementary school years, children's relationships with their teachers start positively and worsen over time. Two studies have modeled change in the teacher-child relationship (one from prekindergarten to third grade and one from kindergarten to sixth grade) with data from the National Institute of Child Health and Development Study of Early Child Care and Youth Development (NICHD SECCYD; N ϭ 1,364; Jerome, Hamre, & Pianta, 2009; O'Connor & McCartney, 2007) , a nationally representative sample. In kindergarten, children typically experienced warm, positive relationships with teachers that declined in closeness by third grade (Jerome et al., 2009; O'Connor & McCartney, 2007) . Conflict with teachers over time showed an inverse pattern (Jerome et al., 2009) . Moreover, conflict appeared more stable over time compared to closeness (Jerome et al., 2009) . Even as teachers changed from year to year, children who had more conflict with teachers continued to have more conflict, suggesting that conflict might be driven by child characteristics such as externalizing problems or EF (Jerome et al., 2009; Silver et al., 2005; Spilt, Hughes, Wu, & Kwok, 2012) . Closeness, on the other hand, was more variable from year to year, subject to the variation in unique relationships between children and their successive teachers. Though the changes in both conflict and closeness were small in magnitude (␤s ϭ 0.03 to 0.18), the variations in change over time were significant. African American children had greater increases in conflict from kindergarten to sixth grade compared to White or Latino children, and boys had more pronounced declines in closeness than girls (Jerome et al., 2009) . Family SES, motherchild interactions, the home environment, parent-reported externalizing and internalizing behaviors, academic achievement, and observed infant attachment patterns did not predict differences in longitudinal patterns of teacher-child relationships (Jerome et al., 2009) . The current study seeks to understand precursors to the development of teacher-child relationships in a sample of children from low-SES families.
EF as a Predictor of Teacher-Child Relationships
A likely, but largely unexplored, child characteristic that may predict teacher-child relationships is EF. During early childhood, EF abilities undergo rapid development (Garon et al., 2008) and entering the school environment increases EF demands as children are expected to assume more responsibility in regulating their own thoughts and actions (Blair & Razza, 2007; Ladd, Herald, & Kochel, 2006) . We hypothesized that individual variation in EF among children from low-SES families at school entry was likely to predict teacher-child relationships for several reasons. First, children may facilitate positive relationships with teachers by using EF to effectively regulate their behaviors and make decisions to act in prosocial and intentional ways. Children with higher EF demonstrate more positive classroom behaviors such as indepenThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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dently staying on task and complying with rules . These skills help children adapt to the classroom and have more positive interactions with their teachers (Dobbs-Oates, Kaderavek, Guo, & Justice, 2011) . Children with lower EF, however, appear less capable of staying on task, following directions and negotiating with peers (Brock & Curby, 2014) , requiring repeated redirection or assistance from teachers, often through negative interactions (Rudasill, 2011) . Second, children with lower EF tend to have more parent-and teacher-reported externalizing and hyperactivity behaviors among samples from low-SES families (Riggs, Blair, & Greenberg, 2004) . Thus, children who are less adept at controlling impulsive and aggressive behaviors may struggle to develop positive, warm relationships with teachers. Third, children's EF may influence teacher-child relationships by facilitating skills that ease social interactions such as organizing and interpreting social cues, considering optimal responses, and inhibiting socially inappropriate responses. On average, children from low-SES families have lower levels of EF when they start school (Noble et al., 2005) . If EF is related to the teacher-child relationship, children from low-income homes may be at an elevated risk for low-quality relationships with teachers. A parallel body of research assessing effortful control, the temperamental aspect of self-regulation related to EF through inhibitory control and attentional control (Eisenberg, Valiente, & Eggum, 2010; Liew, 2012; Zhou, Chen, & Main, 2012) , provides further empirical evidence of links between EF and teacher-child relationships. Effortful control among children from high-and low-SES families positively predicted concurrent ratings of closeness with teachers in kindergarten (Valiente, Swanson, & LemeryChalfant, 2012 ) and in first grade (Rudasill & Rimm-Kaufman, 2009 ). Controlling for initial teacher-child relationship quality, researchers found that children with higher effortful control in prekindergarten and kindergarten had more closeness and less conflict with teachers up to three years later in mixed-SES samples (Berry, 2012; Portilla, Ballard, Adler, Boyce, & Obradović, 2014; Rudasill, 2011) . Notably, longitudinal effects of effortful control appeared stronger for conflict than for closeness (Portilla et al., 2014; Rudasill, 2011) , suggesting that inhibiting automatic behaviors led to fewer negative teacher-child interactions. Evidence also suggests that early self-regulation longitudinally predicts children's externalizing behavior problems two years later (Riggs, Jahromi, Razza, Dillworth-Bart, & Mueller, 2006) . Taken together, these studies emphasize children's self-regulation as a precursor to children's early relationships with teachers.
Prior research merits further inquiry into the role of EF in the development of teacher-child relationships. Two studies (one with the current dataset) have found that EF and teacher-child closeness were positively correlated in low-SES samples (Blair, Mc Kinnon, & the Family Life Project Investigators, 2016; Graziano, Garb, Ros, Hart, & Garcia, 2016) . In a third study, working memory in Belgian kindergarteners and first graders positively predicted closeness and negatively predicted conflict with teachers the following year (de Wilde, Koot, & van Lier, 2016) . We extended these studies by testing a multidimensional direct measure of EF prior to school entry as a predictor of initial teacherchild relationships and the development of teacher-child relationships over time. Importantly, we also tested mediating mechanisms that may explain these associations.
Mediators of the Association of Children's EF and Teacher-Child Relationships
As stated above, theory suggests that teacher-child relationships develop from interactions generated from individual characteristics of children and teachers (Downer et al., 2010; Pianta & Hamre, 2010) . Children (and teachers) enter the classroom with preexisting characteristics-such as externalizing behavior problems, verbal intelligence, and academic achievement-that may mediate the association between EF and teacher-child relationships. In a systems perspective, the development of these domains build upon each other over time (Bronfenbrenner & Morris, 2006 ). Children's attributes are assumed to reflect preexisting individual differences that influence their early environments (Ladd, Birch, & Buhs, 1999) . In much of the same way that we would expect children's individual EF to relate to the quality of relationships that develop between children and their teachers, we expect that children's externalizing behavior problems, verbal intelligence, and academic achievement may explain, in whole or in part, the association between EF and the quality of the teacher-child relationship.
Numerous studies have shown associations between externalizing and both EF and teacher-child relationships. Children with lower EF tended to be reported on by teachers and parents as having more behavior problems in this low-SES sample (Sulik et al., 2015) as well as in primarily middle-SES samples (Riggs et al., 2004; Schoemaker, Mulder, Deković, & Matthys, 2013) . Moreover, externalizing behavior problems were positively correlated to conflict and negatively correlated to closeness among kindergarteners from nonpoor families (Hamre & Pianta, 2001; Ladd et al., 1999) . In the nationally representative, longitudinal NICHD SECCYD study mentioned above, children's behavior problems mediated the association between effortful control and conflict with teachers from preschool to 4th grade (Berry, 2012) . At both kindergarten and second grade, children's ability to control their behavior in the prior year was associated with conflict with teachers, and the association was partially mediated through children's aggression. Again using effortful control as a proxy for EF, it is plausible that children with lower EF may struggle to control their aggressive behaviors and, subsequently, conflict in the classroom.
Verbal intelligence is another possible mediator between EF and teacher-child relationships. EF has been linked to verbal intelligence such that children from low-SES families who are better able to control their thoughts and behaviors tend to have more developed vocabulary (Blair & Razza, 2007) and interventions targeting EF skills among preschoolers from low-SES families have demonstrated positive impacts on receptive vocabulary (Raver et al., 2011) . Likewise, receptive vocabulary has been concurrently associated with more closeness at preschool, kindergarten, and second grade in a sample of children from nonpoor families (Burchinal, Peisner-Feinberg, Pianta, & Howes, 2002) . It is possible that children with higher EF demonstrate greater verbal intelligence by integrating multiple pieces of verbal input and selecting appropriate responses (Fuhs, Nesbitt, Farran, & Dong, 2014) . Teachers may perceive these children as being more engaged or capable and, in turn, feel more warmth toward them (Nurmi, 2012) .
Early academic achievement may similarly link EF and teacherchild relationships. EF is widely understood to be necessary for This document is copyrighted by the American Psychological Association or one of its allied publishers.
academic achievement (Blair & Razza, 2007; Bull, Espy, Wiebe, Sheffield, & Nelson, 2011) and, although the direct links between academic achievement and teacher-child relationships are less robust (Hamre & Pianta, 2001; Jerome et al., 2009; MaldonadoCarreño & Votruba-Drzal, 2011) , teachers tend to report more closeness and less conflict in relationships with children who are more academically motivated and engaged (Nurmi, 2012) . Teachers' perceptions of children's academic abilities have long been thought to affect teachers' responses to children, also known as the "Pygmalion" effect (Rosenthal & Jacobson, 1968) . The Pygmalion effect assumes that teachers provide more attention and positive interactions with children they expect to perform well. Thus, it is reasonable to believe that teachers would respond to and feel more positively toward children with higher EF who demonstrate higher academic achievement. Meanwhile, children from low-SES families are less likely to benefit from the Pygmalion effect, as teachers are more likely to have lower expectations for such children (Hauser-Cram, Sirin, & Stipek, 2003) . The current study tests externalizing behavior problems, verbal intelligence, and academic achievement as mediators to further understand the ways in which EF may predict teacherchild relationships among children from low-SES families. Prior research has found evidence of externalizing behavior problems, verbal intelligence, and academic achievement as predictors of teacher-child relationships (Burchinal et al., 2002; Buyse, Verschueren, Doumen, Van Damme, & Maes, 2008; Sulik et al., 2015) . Children enter school with varying levels of these characteristics (Bongers, Koot, Van Der Ende, & Verhulst, 2004; Reardon, Robinson-Cimpian, & Weathers, 2015) , which are expected to matter for their experiences in the classroom (Downer et al., 2010) .
Current Study
The goal of the current study was to examine the extent to which children's EF relates to the quality of relationships they form with teachers in the first few years of school and the mediators of these associations in a sample of children from low-SES families. We examined EF as a predictor of the development of teacher-child relationships in kindergarten through second grade. We hypothesized that EF would be positively associated with closeness and negatively associated with conflict. Consistent with findings described in the literature review (Portilla et al., 2014; Rudasill, 2011) , we expected the magnitude of the association between EF and kindergarten teacher-child relationships to be stronger for conflict than for closeness. We hypothesized that over time children with higher EF would experience less decline in closeness and less increase in conflict. Second, we hypothesized that externalizing behavior problems, verbal intelligence, and academic achievement would mediate the associations between EF and teacher-child relationships. Specifically, we expected that EF would negatively predict externalizing behavior problems and, through externalizing behavior problems, negatively predict conflict with teachers. Conversely, we expected EF to positively predict verbal intelligence and academic achievement and, through these associations, positively predict closeness in the teacherchild relationship.
Method Participants
The Family Life Project (FLP) is a large prospective, longitudinal study (N ϭ 1,292) with children and families from predominantly rural, high-poverty counties in Pennsylvania and North Carolina. Complex sampling procedures ensured samples representative of the local areas, namely low-SES families in both states and predominantly African American families in North Carolina (Vernon-Feagans & Cox, & The Family Life Project Investigators, 2013) . Two-thirds of the families lived below twice the federal poverty level, which in 2005 for a family of four with two children was $19,806 (U.S. Census Bureau, 2012)-a level that is considered low-income (Vernon-Feagans et al., 2013) . Two-fifths of the primary caregivers had no education beyond high school and 16% had 4 or more years of postsecondary education. More than half of the children were White (58%) and 42% were African American. Half the children were boys (51%). On average, children were 5.97 years (SD 0.31) at the kindergarten assessment, 7.01 years (SD 0.38) at first grade, and 8.08 years (SD 0.42) at second grade. Children attended 194 schools and moved through 422 kindergarten classrooms, 458 first-grade classrooms, and 456 second-grade classrooms. Two target children, on average, were in each classroom (maximum 10). Teachers across kindergarten, first, and second grades were predominantly female (90 -93%). Most teachers were White (83-89%) and ages ranged from 22 to 74 years (M ϭ 41). Teachers had an average of 13 years teaching experience (range 0 -41) and had at least a bachelor's (64%) or master's (30%) degree.
Procedure
Data were collected from children and parents during 48-and 60-month home visits and from children and teachers during prekindergarten, kindergarten, first, and second-grade school visits (all procedures for the Family Life Project were approved by the Institutional Review Boards of New York University (#FY2017-1185), UNC Chapel Hill (#16 -1189), and Penn State University (#16 -1189)). Home visits for data collection were timed according to children's ages and occurred year-round; school visits occurred in the spring (January to July) to give ample opportunity to establish relationships. All 48-month home visits occurred prior to the prekindergarten data collection (M ϭ 11 months prior, SD ϭ 4). Two researchers administered the EF battery with children. Parents completed questionnaires about children's externalizing behavior problems. At the prekindergarten school visit, researchers administered verbal intelligence and early academic achievement measures with children. Children's kindergarten, first-, and second-grade teachers rated their relationship quality with each target child. Collection of study variables were timed as such: Children's EF was assessed at the 48-month home visit, children's verbal intelligence and academic achievement were assessed at the prekindergarten school visit, parents reported on children's externalizing behavior problems at the 48-and 60-month home visits, and teachers reported on teacher-child relationships at the kindergarten, first-, and second-grade school visits. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Measures
Executive function. At the 48-month home visit, children completed a battery of six EF tasks tapping working memory, inhibitory control, and cognitive flexibility validated for use with young children (Willoughby, Wirth, & Blair, 2011) . A full description of each task can be found in a number of publications . The EF battery included two working memory tasks that require children to hold multiple pieces of information in mind while updating or manipulating them, three inhibitory control tasks in which children suppress an automatic response, and one cognitive flexibility task that requires children to alternate cognitive sets between salient stimuli. The working memory tasks included an operation-span task and a self-ordered pointing task. The inhibitory control tasks included a Stroop-like sound task, an animal go/no go task, and a spatial conflict task. The cognitive flexibility task was the Flexible Item Selection Task (Jacques & Zelazo, 2001) . Each EF task was presented in an open flipbook format that presented the stimuli on one page and scripted instructions for administration on the other. Children demonstrated an understanding of the rules by completing training trials and up to three practice trials for each task. Tasks were scored during data processing and children were required to complete at least 75% of the trials to receive a score.
Previous analyses with these data (see , used item response theory to generate expected a posteriori (EAP) scores for each task. A unitary factor has been found to be the most parsimonious structure for 48-month EF (Fuhs & Day, 2011; Lee, Bull, & Ho, 2013; Wiebe, Espy, & Charak, 2008) . Consistent with the current understanding of EF measurement and theory (Willoughby, Holochwost, Blanton, & Blair, 2014) and other recent studies with this sample (Berry et al., 2014 Sulik et al., 2015) , EAP scores were averaged across tasks to form a composite measure of children's 48-month EF. As is typical in EF research (see Garon et al., 2008 , for a review), reliability for the composite was modest, ␣ ϭ .56.
Externalizing behavior problems. At the 48-and 60-month home visits, primary caregivers (typically biological mothers) completed the five-item conduct disorder subscale of the Strengths and Difficulties Questionnaire (Goodman, 2001 ) as a measure of their children's externalizing behavior problems. The conduct disorder subscale contains items such as "Often argumentative with adults" and "Often loses temper." Responses are on a 0 (not true) to 2 (certainly true) scale and were averaged for a single externalizing behavior problems score. Because Cronbach's alpha underestimates reliability for ordinal scales (especially those with few response categories; Zumbo, Gadermann, & Zeisser, 2007), we report an ordinal ␣ ϭ .79 for this scale.
Verbal intelligence. At prekindergarten, data collectors administered the Peabody Picture Vocabulary Test, 4th ed. (Dunn & Dunn, 2007) to measure children's receptive verbal intelligence. Children are presented colored drawings, four to a page and asked to identify the picture that best represents the word spoken by the data collector. Raw scores were converted to standard scores with a mean of 100 and SD of 15. For ease of interpretation, scores were transformed by dividing by 10. Developers of the measure have reported internal consistency coefficients across ages as .94 and the test-retest reliability as .93 (Dunn & Dunn, 2007) .
Academic achievement. At prekindergarten, children were administered the Letter-Word Identification and Applied Problems subtests of the Woodcock-Johnson Tests of Achievement III (Woodcock, McGrew, & Mather, 2001 ). For the Letter-Word Identification subtest, children identify printed letters and words. For the Applied Problems subtest, children analyze and solve mathematic problems. Raw scores were converted into W-scores, an equal-interval scale adjusted for children's age, and then standardized and averaged for an academic achievement composite. Reported internal consistency for the Woodcock-Johnson Tests of Achievement is .94 for participants 5 to 18 years of age (Mather, Wendling, & Woodcock, 2001 ). Letter-Word Identification and Applied Problems W-scores were correlated at r ϭ .56.
Teacher-child relationships. At each grade, the outcome variable was measured with the Student-Teacher Relationship Scale-Short Form (STRS; Pianta, 2001 ), a widely used measure of children's unique relationships with teachers. Teachers completed the 15-item instrument specific to the target child using a 5-point, Likert-type response format. For each grade, a closeness score was generated by averaging eight items (e.g., "I share an affectionate, warm relationship with this child"), and a conflict score was generated by averaging 7 items (e.g., "This child and I always seem to be struggling with each other"). Different teachers reported on a given child at each grade. Prior work with the STRS has demonstrated metric invariance in both closeness and conflict from prekindergarten to second grade (Koomen, Verschueren, van Schooten, Jak, & Pianta, 2012 ). Cronbach's ␣s in this sample ranged from .82 to .85 for closeness, and from .90 to .92 for conflict.
Demographic covariates. A 48-month income-to-needs ratio (INR) was calculated as total household income, divided by the annual federal poverty thresholds adjusted for the number of household members. Because it was positively skewed, the INR variable was log transformed for analyses. Other covariates included 48-month primary caregivers' education and child's age at kindergarten (the first occurrence of the outcome), sex (male ϭ 1, female ϭ 0), and race (African American ϭ 1, White ϭ 0). A dummy variable controlled for research-site differences (North Carolina ϭ 1, Pennsylvania ϭ 0).
Missing Data
The full sample of FLP comprised 1,292 participants at the 2-month assessment. The analytic sample (N ϭ 999) was restricted to those with nonmissing data for one or more of the teacher-child relationships outcomes. To assess possible differential attrition between participants included versus excluded in the analytic sample, we examined a number of demographic variables from the 2-month assessment for which we had complete information: child's race and sex; family income, household size, and state of residence; and primary caregivers' age, education, marital status, and employment. Independent samples t tests indicated no significant differences among these variables between participants retained in the analytic sample and those that were excluded.
Complete data were available for state of residence, primary caregiver's education, and child's sex and race. The percentage of missing data for other variables was as follows: EF ϭ 8%, 60-This document is copyrighted by the American Psychological Association or one of its allied publishers.
month parent-reported externalizing behavior problems ϭ 4%, reading ϭ 9%, math ϭ 9%, verbal intelligence ϭ 10%, kindergarten teacher-child relationships ϭ 5%, first-grade teacher-child relationships ϭ 8%, and second-grade teacher-child relationships ϭ 13%. We used the missing data analysis in SPSS 21 to compute Little's (1988) test for data missing completely at random, 2 (df ϭ 513) ϭ 738.536, p Ͻ .001. The result indicated that the pattern of missing data was systematic (i.e., associated with measured or unmeasured variables). To assess potential bias due to differential attrition, we correlated missing data indicators (0 ϭ not missing; 1 ϭ missing) for each study variable with demographic covariates. Although there were a number of modest but significant correlations between these two sets of variables, none of these correlations exceeded .18 in magnitude.
Plan of Analyses
Analyses proceeded in three steps. First, an unconditional latent growth curve (LGC) model was estimated to establish linear changes in teacher-child relationships from kindergarten to second grade. Second, a conditional LGC was estimated to test the relations with EF. This model allowed us to evaluate if children's 48-month EF predicted teacher-child relationships with kindergarten teachers (intercept) or with change in teacher-child relationships through second grade (slope). Third, another conditional LGC model was estimated to test if parent-reported externalizing behavior problems, verbal intelligence, or academic achievement mediated the associations between 48-month EF and the intercepts or slopes of teacher-child relationships. In the mediation model, 48-month parent-reported externalizing behavior problems were included as a baseline measure for 60-month parent-reported externalizing behavior problems. Unless otherwise specified, all mentions of externalizing behavior problems will refer to the 60-month assessment. Corresponding baseline measures of verbal intelligence and academic achievement were unavailable. All analyses were conducted using SEM in Mplus, Version 7.4 (Muthén & Muthén, 1998 ) with a maximum likelihood estimator (MLR) robust to nonnormally distributed variables. Mediation was tested using the IND command in Mplus and by estimating bootstrapped confidence intervals (CI) with 500 draws. Because bootstrapping cannot be performed with the MLR estimator, models were estimated with the MLR estimator and again using bootstrapped CI with a standard maximum likelihood estimator. Parameter estimates and variances were nearly identical across the two models. Bootstrapped CI are presented for the indirect effects. Full information maximum likelihood (FIML) was used to account for missing data (Enders & Bandalos, 2001 ). The covariates (INR, maternal education, site, and children's race, age at kindergarten, and sex) were included in the estimation of all conditional LGC models. We used Hu and Bentler's (1999) 
Results

Descriptive and Preliminary Analyses
Descriptive statistics and correlations among the study variables are provided in Table 1 . Ratings of closeness were modestly correlated from kindergarten to second grade, rs ϭ .20 to .26, whereas ratings of conflict were more stable, rs ϭ .51 to .58. Closeness and conflict were moderately correlated at concurrent time points, rs ϭ Ϫ.33 to Ϫ.41, but were weakly correlated across time points, rs ϭ Ϫ.13 to Ϫ.21. This pattern was likely due to having different teachers reporting at each time point. Children's 48-month EF was positively related to closeness, rs ϭ .07 to .17, and negatively related to conflict, rs ϭ Ϫ.22 to Ϫ.24. Ratings of closeness and conflict were similarly correlated in magnitude with parent-reported externalizing behavior problems (rs ϭ .12 to .24), prekindergarten verbal intelligence (rs ϭ .14 to .26), reading (rs ϭ .11 to .19) and math achievement (rs ϭ .09 to .20). Moreover, 48-month EF was strongly, positively related to both verbal intelligence, r ϭ .55, and academic achievement, rs ϭ .32 and 50, and negatively related to parent-reported externalizing behavior problems, r ϭ Ϫ.21.
Unconditional Latent Growth Curve Models of Teacher-Child Relationships
The intraclass correlations (ICC) from the unconditional growth models were .76 for closeness and .52 for conflict meaning that about three-quarters of the variance in closeness over time and half This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
of the variance in conflict over time was due to between-individual factors compared to within-individual factors (Singer & Willett, 2003) . This suggests that a substantial proportion of variation, particularly in closeness, was due to differences between children rather than differences in individual children's development over this period.
To better understand the possible nonindependence in teachers' reports in their relationships with children, we calculated the ICCs between and within classrooms for closeness and conflict at each grade. Closeness ICCs ranged from .20 to .24, and conflict ICCs ranged from .10 to .17, suggesting that classroom factors accounted for about a quarter of the variance in closeness and nearly a fifth of the variance in conflict. These values were nontrivial and so we tested the robustness of the final models by rerunning them with the TYPE ϭ COMPLEX command in Mplus with cases nested within kindergarten classrooms. The estimates were nearly identical for both closeness and conflict. As such, we present the estimates for nonnested models.
We first estimated unconditional linear LGC models for our repeated measures of teacher-child relationships, separately estimating closeness and conflict. The intercept term represents teacher-child relationships at kindergarten. We tested LCG models of closeness and conflict for fixed and random intercept effects, fixed and random slopes, and correlated intercepts and slopes using log-likelihood tests corrected for non-normally distributed data (Satorra & Bentler, 2001 ). The tests recommended fixed and random intercepts and a fixed slope in the closeness model, and fixed and random intercepts and slopes for the conflict model. Correlations between the intercepts and slopes did not significantly contribute to either the closeness or conflict models. These models fit the data well-closeness: 2 (3) ϭ 1.960, p ϭ .478, RMSEA Ͻ .001; CFI ϭ 1.00; Tucker-Lewis index (TLI) ϭ 1.00; SRMR ϭ .028, and conflict: 2 (2) ϭ 1.475, p ϭ .581, RMSEA Ͻ .001; CFI ϭ 1.00; TLI ϭ 1.00; SRMR ϭ .014 -and accounted for 32% of closeness and 33% of conflict at kindergarten, 33% of closeness and 41% of conflict at first grade, and 34% of closeness and 26% of conflict at second grade.
Closeness with kindergarten teachers was high (4.30, range 1 to 5), declining minimally but significantly from each grade to the next (0.09; see Figure 1 ). There was minimal but significant variation around the intercept ( 0 ϭ 0.11) meaning that estimating the average intercept and slope did not entirely describe the variation in closeness with kindergarten teachers. Conflict with kindergarten teachers was 1.61 (range 1 to 5) and increased minimally but significantly by an average of 0.07 points each grade (see Figure 1 ). There was significant variation around the average intercept ( 0 ϭ 0.41) and slope ( 1 ϭ 0.06).
Children's EF Associations with Teacher-Child Relationships
To address our first research question of children's 48-month EF as a predictor of teacher-child relationships in early elementary grades, we estimated a conditional LCG model with children's 48-month EF and covariates included as predictors of the intercept of closeness (see Figure 2 ) and the intercept and slope of conflict (see Figure 3) . These models fit the data well-closeness:
2 (17) 
Mediating Factors Between EF and Teacher-Child Relationships
To answer our second research question about possible mediators of the associations between 48-month EF and teacher-child relationships, we added parent-reported externalizing behavior problems, verbal intelligence, and academic achievement into the model as seen in Figure 4 . The association between 48-month EF This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
and closeness with kindergarten teachers was fully mediated by verbal intelligence, but not by parent-reported externalizing behavior problems or academic achievement. As expected, children with lower 48-month EF tended to have more parent-reported externalizing behavior problems, b ϭ Ϫ0.05, SE ϭ 0.02, p ϭ .033, ␤ ϭ Ϫ0.10, when controlling for 48-month parent-reported externalizing behavior problems. In addition, children with more parent-reported externalizing behavior problems were less close with kindergarten teachers, b ϭ Ϫ0.09, SE ϭ 0.05, p ϭ .047, ␤ ϭ Ϫ0.07, when controlling for 48-month parent-reported externalizing behavior problems. However, the indirect pathway of externalizing behavior problems between EF and conflict was not significant. Children with higher 48-month EF tended to have higher prekindergarten verbal intelligence, b ϭ 1.14, SE ϭ 0.09, p Ͻ .001, ␤ ϭ 0.37, and, in turn, more closeness with kindergarten teachers, b ϭ 0.04, SE ϭ 0.02, p ϭ .019, ␤ ϭ 0.18. The indirect pathway was significant, b ϭ 0.04, SE ϭ 0.02, CIs [0.006, 0.079], ␤ ϭ 0.07, and accounted for 66% of the total indirect effect between 48-month EF and closeness with teachers. Though 48-month EF significantly predicted prekindergarten academic achievement, b ϭ 0.50, SE ϭ 0.05, p Ͻ .001, ␤ ϭ 0.31, but academic achievement was not significantly related to kindergarten closeness. As seen in Figure 5 , verbal intelligence partially mediated the association between 48-month EF and conflict with kindergarten teachers, but parent-reported externalizing behavior problems and academic achievement did not. Children with higher 48-month EF had higher prekindergarten verbal intelligence, b ϭ 1.14, SE ϭ 0.09, p Ͻ .001, ␤ ϭ 0.37, and, ultimately, less conflict with kindergarten teachers, b ϭ Ϫ0.05, SE ϭ 0.02, p ϭ .040, ␤ ϭ Ϫ0.12. This indirect pathway was significant, b ϭ Ϫ0.05, SE ϭ 0.03, CI [Ϫ0.106, Ϫ0.002], ␤ ϭ Ϫ0.04, and accounted for This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
85% of the total effect. As expected, children with lower 48-month EF had higher parent-reported externalizing behavior problems, b ϭ Ϫ0.05, SE ϭ 0.02, p ϭ .033, ␤ ϭ Ϫ0.07, controlling for 48-month parent-reported externalizing behavior problems. In addition, children with higher parent-reported externalizing behavior problems had more conflict with kindergarten teachers, b ϭ 0.28, SE ϭ 0.10, p ϭ .005, ␤ ϭ 0.16, controlling for 48-month parentreported externalizing behavior problems. As with closeness, the indirect pathway was not statistically significant. Similarly, 48-month EF significantly predicted prekindergarten academic achievement, b ϭ 0.50, SE ϭ 0.05, p Ͻ .001, ␤ ϭ 0.31, but academic achievement was not significantly related to kindergarten closeness. Moreover, even with the mediating variables included in the model, 48-month EF retained a direct effect on kindergarten conflict, b ϭ Ϫ0.20, SE ϭ 0.07, p ϭ .003, ␤ ϭ Ϫ0.16. Children with lower 48-month EF tended to have more conflict with kindergarten teachers than similar peers, even when controlling for intervening parent-reported externalizing behavior problems, verbal intelligence, and academic achievement. None of the mediating variables predicted changes in conflict from kindergarten to second grade.
Discussion
This study examined the relations between children's 48-month EF and relationship quality with teachers from kindergarten through the second grade among a racially diverse, predominantly low-SES, rural sample. Using data from a large longitudinal study, we found evidence that children with higher 48-month EF were closer to and had less conflict with their kindergarten teachers than children with lower 48-month EF. Receptive verbal intelligence mediated the association between children's 48-month EF and relationships with teachers. The direct effect between 48-month EF and teacher-child closeness was fully mediated by verbal intelligence whereas for conflict the direct effect was only partially mediated. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Mediated Effects
Based on the theorized model, children with higher 48-month EF were hypothesized to show more closeness and less conflict with teachers, on average. Further, these relations were proposed to be (at least, partially) mediated by their externalizing behavior problems, verbal intelligence, and academic achievement. Only one of our three hypothesized mechanisms mediated the associations between children's 48-month EF and relationships with kindergarten teachers. Verbal intelligence accounted for significant amounts of shared variance between children's 48-month EF and their relationships with kindergarten teachers. Prior research has linked early language ability and EF in the current sample (Kuhn et al., 2016) and in other samples (Marchman & Fernald, 2008) , and at least three studies suggest that language ability and EF are reciprocally related in the early elementary grades (Bohlmann, Maier, & Palacios, 2015; Daneri & Blair, & Family Life Project Investigators, 2017; Fuhs et al., 2014) . In a social exchange, children adapt to listener needs, produce socially appropriate utterances and introduce, maintain, and change topics (Gallagher, 1999) , skills that, on the face, require EF. Thus, children's abilities to successfully navigate a social interaction may play a role in the association between children's EF and closeness and conflict with their teachers.
Our two other hypothesized mediators did not have an indirect effect on the association between EF and teacher-child relationships. First, academic achievement did not predict teacher-child relationships. These findings are inconsistent with prior research that has found associations between teacher-child relationships and academic achievement in mixed-SES samples (Hamre & Pianta, 2001; Jerome et al., 2009; Maldonado-Carreño & VotrubaDrzal, 2011) . However, our expectation for this association was predicated on a theory of teachers' behaviors being based on their perceptions of children's academic ability. Our measure of children's academic ability did not capture teachers' perceptions, which would have been more aligned with a Pygmalion effect. Likewise, Maldonado-Carreño and Votruba-Drzal (2011) found that teachers' reports of children's academic ability, but not direct assessments, were related to closeness with teachers. A teacher's report of children's academic ability may have revealed a stronger association with teacher-child relationships.
Second, children's externalizing behavior problems did not mediate the association between EF and teacher-child conflict and closeness. In the absence of mediation, however, the associations between externalizing behavior problems and conflict and closeness were consistent with prior literature that suggests kindergarteners with fewer problem behaviors have less conflict and more closeness with their teachers (Berry, 2012; Portilla et al., 2014; Rudasill, 2011) . Moreover, although externalizing behavior problems are detrimental for all teacher-child relationships, they appear to relate more strongly to conflict than to closeness. When faced with a child who is pleasant in some contexts but challenging in others, teachers may find it easier to maintain closeness, but not avoid conflict.
EF and Teacher-Child Relationships
Unlike in the model with closeness, verbal ability did not fully mediate the association between 48-month EF and conflict with kindergarten teachers. This finding supports the idea that conflict between teachers and children is driven by more than just "acting out" in the classroom (Hamre, Pianta, Downer, & Mashburn, 2008) and highlights EF as a related factor. It may be that children with lower EF struggle to keep in mind multiple steps, move from one task to another, or follow classroom routines, all necessary for classroom functioning. But these manifestations of lower EF may not be entirely driven by externalizing behavior problems. This finding corroborates prior work with children from nonpoor families that found that kindergarten-and elementary-aged children with lower teacher-reported working memory operated less effectively (e.g., problems in moving from one activity to another, generating creative solutions for problems, and planning and carrying out steps to achieve goals) in the classroom than children with typical working memory (Gathercole et al., 2008) . Furthermore, when children with low EF do not attend to the activity at-hand, teachers take on more of the management of children's behavior. Prior research suggests that, among first-and thirdgraders, the extent to which teachers initiated interactions with children positively related to conflict as these interactions typically served to redirect children to classroom activities (Rudasill, 2011) . Thus, conflict with teachers may arise when children with lower EF are off task and need frequent interventions from teachers to complete activities and move on to the next. This pattern could be even more detrimental in a school with high poverty if a substantial proportion of the children need additional attention from their teachers to stay on task.
We did not find evidence of relations between our study variables and changes in individual teacher-child relationships over time. On one hand, even though the models recommended random slope effects, the variance attributed to the slope was a small proportion of the overall unexplained variance in the model, making effects on individual change in teacher-child relationships difficult to detect. Even the intercept was unrelated to slope. On the other hand, different teachers reported on teacher-child relationships at each grade. This is one of the differences that make teacher-child relationships qualitatively different than children's relationships with parents (Hughes, Cavell, & Willson, 2001; . The impact that teachers have on children's development is more limited than the impact that parents have.
In addition to the hypothesized associations, several demographic characteristics included as covariates emerged as predictors of children's relationships with teachers. Boys tended to have less closeness and more conflict with teachers, as did African American children. These findings were consistent with prior literature that has shown that girls are typically closer with their teachers than boys and that boys often have more conflict with teachers than girls (Buyse et al., 2008; Portilla et al., 2014) . This finding was particularly troubling as children's sex and race were the only predictors of change in teacher-child relationships. Boys and African American children were more likely to increase in conflict with teachers by second grade than girls or White children. Some researchers have argued that boys' and African American children's behaviors may be viewed through negative stereotypes associated with their race or sex (Graves & Howes, 2011) . Indeed, children from different cultural backgrounds develop within different contexts and children of color may develop different selfregulatory patterns than White children and be viewed as less adaptive in the classroom (Raver, 2004) . Their behaviors may be This document is copyrighted by the American Psychological Association or one of its allied publishers.
seen as more aggressive, prompting negative regard in teachers.
Researchers have begun to consider if teachers who match their students on race may be better able to understand the sociocultural dynamic of their students and the context of their development. When children are racially matched to their teachers, teachers rate their relationships with children as more positive and children report better relationships with teachers and overall school liking compared to their nonmatched peers (Graves & Howes, 2011) . Without accounting for racial match between children and teachers in the current study, differences in teacher-child relationships between African American and White children may be overestimated.
Implications
These findings highlight the importance of children's relationships with teachers at school entry. Unfortunately, children with lower EF are at higher risk of starting school with conflictual relationships with teachers, which may lead to cascading negative outcomes. Children starting school with lower EF may lack the skills to engage with the classroom, which may be associated with more conflict with teachers and fewer opportunities to develop competent EF. Even in the absence of early behavior problems, children who start school with lower EF tend to experience more conflict with teachers, which is related to later aggression and behavior problems (Berry, 2012) . Children from low-SES families may be at even greater risk for maladjustment in the classroom because they, on average, have both lower EF and more conflict with teachers when starting school. Interventions that target EF among children from low-SES families may be able to stem the flow of these cascading effects. Convincing evidence comes from a randomized control trial of the Head Start REDI (Research Based, Developmentally Informed) Project, an intervention implemented in low-SES classrooms that introduced social-emotional language and skills through a language and literacy curriculum (Nix et al., 2016) in an effort to improve EF through selfawareness, social problem solving, and the promotion of the use of these skills in social interactions. Children in the treatment classrooms were more likely to maintain close relationships with teachers from Head Start to third grade than children in the control classrooms (Nix et al., 2016) .
Limitations
Although this study has a number of strengths, including a rigorous model with several covariates, a multidimensional measure of EF validated for use with young children, and multiple reporters from children's various ecologies, several limitations should be considered when interpreting the results of this study. First, the current study neglects important actors in the teacherchild relationships: teachers and peers. Prior research has examined teacher-characteristics such as teaching style, work-related stress, and self-regulation as predictors of relationships with children (Mantzicopoulos, 2005; Swanson, Valiente, Bradley, Lemery-Chalfant, & Abry, 2015; Yoon, 2002) . Likewise, other studies suggest that greater stability in conflict rather than closeness may be evidence that children's characteristics drive conflict and classroom characteristics (such as teachers' attributes) drive closeness (Jerome et al., 2009; Silver et al., 2005; Spilt et al., 2012) . The current study substantiates this theory with ICCs indicating that classroom factors explained more of the variation in closeness rather than conflict. Closeness could be driven by the unifying characteristic within classrooms: teachers. Though the research questions in the current study focused on children's attributes, additional research should consider teacher's characteristics in the development of teacher-child relationships.
Second, though these findings are strengthened by controlling for variables relating to EF and teacher-child relationships, causal inferences cannot be drawn from the study. Verbal intelligence, externalizing behavior problems, and academic achievement are just a few factors relating to both EF and teacher-child relationships. Additional child characteristics, such as temperament, could be at play. Moreover, though we used temporal precedence to conclude that EF predicts teacher-child relationships, it is possible that the association among EF, the mediating variables, and teacher-child relationships are in the reverse order or are bidirectional. Children with positive relationships with their teachers receive more scaffolding and feedback in learning new skills (Brock & Curby, 2014) and because EF develops through novel experiences, higher quality instructional moments may provide children the opportunity to practice and develop new EF skills (Downer et al., 2010) . Including a baseline measure for externalizing behavior problems somewhat mitigates these concerns, but the baseline measures for verbal intelligence and academic achievement would have strengthened the causal inferences.
Third, this study used teachers' reports of relationships. Although this is an established method by which to measure teacherchild relationships, it provides only a single perspective of a dynamic construct. Unfortunately, few child-or observer-reported measures currently exist for young children to characterize their relationships with teachers. The field would benefit from the development of measures to capture the nuances of this complex, dyadic construct.
Fourth, the EF composite score had low reliability, a common problem in the EF literature. On one hand, EF tasks suffer from the task impurity problem: even though specific tasks purportedly measure specific aspects of EF, most EF tasks require multiple aspects of EF to accurately complete. On the other hand, during early childhood, when each of these aspects are developing at different rates (Garon et al., 2008) , it is difficult to tease apart what aspect of EF is driving performance on a particular task. Because aspects of EF contribute to children's performance in different combinations among different children , is not surprising that there is limited shared variance across the measures. The low reliability of the composite might suggest we are overstating the association between EF and teacher-child relationships: The composite may be capturing variance unrelated to EF that we are mistakenly attributing as EF. Though this condition is not ideal, several studies have found single factor models to be a good fit to the data with this age (Hughes, Ensor, Wilson, & Graham, 2009; Wiebe et al., 2008) and the composite used in the current study has been shown to have criterion validity related to externalizing behavior problems (Sulik et al., 2015) , math achievement McKinnon & Blair, & Family Life Project Investigators, in press) , and language development (Kuhn et al., 2016) .
Finally, this study is limited in the generalizations that can be made. The sample consists of primarily low-SES, rural populaThis document is copyrighted by the American Psychological Association or one of its allied publishers.
tions. The contexts of schools settings are different in rural communities, where resources are spread over larger geographic areas. Even within the sample, differences were found between children in North Carolina compared to Pennsylvania, a phenomenon common with this sample in other studies (Vernon-Feagans et al., 2013) , indicating differences in systematic error, like differences in administration of the tasks, or in unmeasured error, like differences in local educational policies. The generalizability of these findings is limited to other low-SES, rural populations in communities with similar local policies as the six FLP counties in North Carolina and Pennsylvania at the time of the study.
Conclusions
This study highlights the importance of children's individual abilities to consciously control their thoughts and actions in the social context of the classroom. Children from low-SES families are at-risk of starting school with a narrower range of school readiness skills that help them adjust to the classroom. We provide empirical evidence that children's EF negatively relates to conflict with teachers among children from low-SES families and operates through some mechanism other than through behavior problems. This is relevant to understanding how at-risk children's characteristics may lead to individual differences in the development of their relationships with teachers, which might have cascading effects on later development and academic achievement.
